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METHOD AND ARRANGEMENT FOR
DESULFURIZATION OF NOX RESERVOIR
CATALYSTS

BACKGROUND OF THE INVENTION

This 1invention relates to methods and arrangements for
monitoring and controlling desulfurization of NOX reservoir
catalysts 1n the exhaust of Otto or Diesel type internal
combustion engines for exhaust gas purification.

NOxX reservoir catalysts are poisoned during operation by
sulfur contained 1n the fuel and 1ncorporation of the sulfur as
sulfate 1n the NOx reservoir catalyst, so that the NOx
adsorption by the reservoir catalysts 1s 1mpeded or pre-
vented. Consequently a desulfurization of the NOX reservoir
catalyst must be carried out at periodic intervals. It 1s known
that sulfur poisoning of the NOx reservoir catalysts 1s largely
or completely reversible, if the catalyst 1s subjected to a
temperature above desulfurization temperature 1n a reducing
environment. As used herein, the term “desulfurization”
refers to the removal of sulfur in any form from a catalyst.

In the case of normally lean-operated Otto engines, 1t 1s
possible to operate with a stoichiometric or a rich fuel-air
mixture 1n any operating mode, at the expense of a corre-
sponding increase 1n fuel consumption. By such measures as
late 1gnition of the engine, moreover, the exhaust gas tem-
perature 1s variable within wide limits, so that conventional
desulfurization temperatures of about 650° can be achieved
in practically any portion of the operating diagram of an Otto
engine.

NOx reservoir catalysts can not incorporate any NOx
under lean fuel conditions at temperatures above about 550°,

and they also exhibit marked ageing effects when a tem-
perature of about 800° is exceeded.

In the case of Diesel engines, useful operation at A=1 1s
not feasible because of the resulting power loss and
increased particulate emission.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a method and arrangement for desulfurization of
NOx reservoir catalysts which overcomes disadvantages of
the prior act.

Another object of the 1nvention 1s to provide a method for
controlled desulfurization of NOX reservoir catalysts, and an
arrangement for carrying out the method, which produces a
regulated desulfurization in a simple manner without
destruction of the NOx reservoir catalyst.

These and other objects of the invention are attained by
causing the NOX reservoir catalyst to be heated to a tem-
perature above the desulfurization temperature and operat-
ing the engine with a rich fuel-air mixture.

More particularly, the present mnvention ¢
1zation of an NOXx reservoir by:

™ [

ects desulfur-

a) detecting a need for desulfurization of the NOX reser-
VOIT;

b) initiating and carrying out a procedure which increases
exhaust gas temperature so that the NOXx reservoir
catalyst 1s heated above a predetermined desulfuriza-
tion temperature;

¢) desulfurizing the NOX reservoir by fuel-rich operation
of the engine, and

d) initiating a normal operation of the engine after
completion of the desulfurizing step.

Moreover, the exhaust gas temperature-raising procedure

1s controlled so that the temperature of the NOX reservoir
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2

catalyst 1s always below the ageing temperature of the NOx
reservolr catalyst. Preferably, the maximum NOX reservoir
temperature 1s below the catalyst ageing temperature by a
predetermined margin of safety.

In an internal combustion engine of the Otto type, the
engine, upon detection of the need to desulfurize, 1s operated
stoichiometricaly before any exhaust gas temperature-
raising procedure 1s initiated. Thereafter, the exhaust gas
temperature-raising procedure may be accomplished, for
example by retarding the spark.

Preferably, in an internal combustion engine of the Otto
type, immediately after the desulfurizing step, engine opera-
tion at A=1 1s carried out before rich-lean operation of the
engine 1s resumed but after a predetermined second margin
of safety from the ageing threshold has been exceeded.
Preferably, the second margin of satety 1s about 100 degrees
Cels1us.

Further, 1n the case of a Diesel type internal combustion
engine, after recognition of a need to desulfurize, an NOXx
regeneration 1s first performed before any catalyst
temperature-raising procedure 1s initiated. The NOXx regen-
eration 1s performed by operation at A<l1.

Preferably, the catalyst temperature-raising procedure
used with Diesel engines 1s carried out by changing the time
of commencement of injection, changing the EGR (exhaust
gas return) rate, lowering the intake pressure, partial
throttling, combined rich-lean operation, 1njection of fuel
into the exhaust system ahead of the catalyst, or re-1njection
in the case of CR (“common rail”) engines. Also, fuel
enrichment may be achieved, for example, by intake air
throttling and/or EGR 1increase and/or re-injection and/or
pressure reduction.

For Diesel engines, normal engine operation 1s resumed
immediately after termination of a desulfurizing.

The arrangement for carrying out the method according to
the invention comprises an internal combustion engine hav-
ing an NOX reservolr 1n the exhaust line and temperature
sensors to measure the exhaust gas temperature both 1mme-
diately before and immediately following the NOx reservorr.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the mvention will be
apparent from a reading of the following description in
conjunction with the accompanying drawings, in which

FIG. 1 1s a schematic block diagram illustrating a repre-
sentative embodiment of an arrangement for monitoring
desulfurization, both for an Otto and for a Diesel engine;

FIG. 2 1s a graphical representation schematically 1llus-
trating the process of desulfurization for a lean Otto engine;
and

FIG. 3. 1s a graphical representation schematically show-
ing the desulfurizing process for a Diesel engine.

DESCRIPTION OF PREFERRED
EMBODIMENTS

In the typical embodiment of the mnvention schematically
shown 1n FIG. 1, an arrangement for desulfurizing an NOx
catalyst for an internal combustion engine includes an
engine 1 and an exhaust system 2 having an NOX reservoir
catalyst 3 and a first temperature sensor T1 located 1mme-
diately before the NOx reservoir and a second temperature
sensor 12 located immediately after the NOx reservoir 2. As
shown 1n the drawing, the first temperature sensor T1
measures the exhaust gas temperature immediately ahead of
the NOx reservoir 3, whereas the second temperature sensor
T2 measures the exhaust gas temperature immediately fol-
lowing the NOX reservoir 3.
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FIG. 2 schematically shows the variations 1n temperature
and lambda with time during a desulfurization of the lean
Otto engine 1. Thus, the curve I 1 FIG. 2 represents the
temperature at the first temperature sensor T1, the curve II
represents the temperature at the second temperature sensor
T2, and the curve III 1illustrates the behavior of lambda.

When the need to desulfurize has been detected, the
engine 1s first operated stoichiometricaly following the cus-
fomary alternating rich-lean operation, and an exhaust gas
temperature raising procedure. For example, late 1gnition 1s
initiated (point A on curve III) until the sensor T1 ahead of
the reservoir catalyst 1s at an elevated temperature below the
catalyst ageing threshold, which is about 800° C. for current
conventional NOX reservoir catalysts, by a margin of safety
such as 50 degrees.

As a result of the increase 1n exhaust gas temperature and
the possibly increasing content of contaminants in the
cxhaust, the temperature at the second temperature sensor
12 following the NOX reservoir catalyst also 1increases. I it
1s found that the catalytic reaction in the NOX reservoir
catalyst causes the ageing threshold temperature to be
exceeded, for example because of an excessive temperature
rise at the pomnt B of the curve I, the exhaust gas
temperature-raising procedure 1s reduced as shown at the
point C of curve I. The danger of mternal overheating of the
NOx reservoir 3 1s probable 1f the rate of temperature
increase 1n the neighborhood of the ageing threshold 1s so
high that, even 1n the absence of the exhaust gas
temperature-raising procedure, a temperature increase above
the ageing threshold 1s to be anticipated.

If the desulfurizing temperature threshold 1s exceeded
both before and after the NOx reservoir catalyst 3, as shown
at the point D of curve II, the engine 1 1s operated at a rich
mixture (from the point E to the point F of curve III) until
all of the sultfur content is sure to have been extracted. The
duration and degree of rich fuel mixture operation will
depend on the calculated or estimated content of sulfur on
the catalyst. Immediately after the desulfurization (at the
point F of curve III), lean operation of the engine 1 must be
positively avoided since, because of the high catalyst
temperature, no NOX can be incorporated and, with an HC-
and CO-saturated exhaust, the addition of oxygen will
certainly lead to elevation of the temperature above the
ageing threshold 1n at least a portion of the reservoir catalyst
3. A more favorable mode of operation provides a brief
period of further operation at A=1, but without using an
exhaust gas temperature-lowering procedure, to bring about
a gradual lowering of the catalyst temperature.

After a large safety margin (about 100 degrees) from the
ageing threshold temperature is exceeded (at point G of
curve II), a rich-lean operation of the engine 1 is once more
permissible. Thereafter, the NOx thermal desorption thresh-
old may possibly be exceeded briefly in the NOX reservoir
3, but at the relatively low exhaust gas temperature of lean
Otto engine vehicles, a rapid temperature 1increase above the
NOx thermal desorption threshold is to be expected then.

FIG. 3 1s a schematic diagram showing the desulfurization
process for a Diesel engine 1. The designations of the curves
I, IT and III correspond to those of FIG. 2. In the case of
Diesel engines, desulfurizing cannot be carried out 1n the
same way as for lean Otto engines since operation at A=1
for any length of time 1s not possible because it reduces
power and increases particulate emissions. Hence, upon
detection of the need to desulfurize, an NOX regeneration 1s
performed first so that increased catalyst heating, above the

NOx thermal desorption threshold, will take place with the
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4

NOx reservorr 3 emptied. Then, with a lean exhaust, a
catalyst temperature-raising procedure is carried out (point A
of curve IIl), for example by re-setting the commencement
of 1mmjection, changing the EGR rate, lowering the charge
pressure, partial throttling, combined rich-lean operation,
injection of fuel into the exhaust system ahead of the
catalyst, or re-injection (in common rail engines only). The
exhaust gas temperature of the sensor T1 ahead of the
catalyst 3 1s set so that the catalyst operates with a 50-degree
margin of safety from the ageing threshold, much as for lean
Otto engines.

By monitoring the exhaust gas temperature at the sensor
T2 after the NOx reservoilr 3, 1t 1s ascertained, as 1n the case
of the Otto engine, that no overheating results from oxida-
tion reactions on the NOXx reservoir surface (point B of curve
[I). Thermal damage is avoided optionally by a partial
reversal of the catalyst temperature-raising procedure (point
C of curve I). As soon as the temperature at the sensor T2
following the catalyst has exceeded the desulfurization limait
(point D of curve II), desulfurization is initiated by enriching
the exhaust gas (point E of curve III). The duration of the
ecxhaust gas and the value of A during the enriched phase
depend on the calculated or estimated load of sulfur in the
catalyst. The enrichment can be accomplished similarly to
NOx regeneration, for example by intake air throttling, EGR
Increase, re-1njection or charge reduction.

After termination of the desulfurization (point F of curve
[I), operation at A=1 can no longer be sustained.
Consequently, the normal mode of operation 1s immediately
re-established. Because of the usually very low exhaust gas
temperatures of Diesel engines and the resulting rapid and
intense cooling, only a small temperature peak within the
NOx reservoir 1s to be expected despite the oxidation
reactions following desulfurization.

Although the invention has been described herein with
reference to a specific embodiment many modifications and
variations therein will readily occur to those skilled 1n the
art. Accordingly, all such variations and modifications are
included within the intended scope of the invention.

[ claim:

1. Amethod for desulfurizing an NOX reservoir catalyst in
the exhaust line of an internal combustion engine compris-
ing the following steps:

a) detecting a need for desulfurizing an NOX reservoir

catalyst,

b) initiating and carrying out an exhaust gas temperature-
raising procedure whereby the NOX reservoir catalyst 1s
heated to a temperature at least as high as a predeter-
mined desulfurizing temperature and below a predeter-
mined maximum NOX reservoir catalyst temperature;

c) determining whether the ageing temperature of the
NOX reservoir catalyst has been exceeded or the rate of
temperature 1ncrease 1n the neighborhood of the ageing,
threshold 1s so high that a temperature increase above
the ageing threshold can be anticipated and, if so,
reducing the exhaust gas temperature-raising proce-
dure;

d) desulfurizing the NOx reservoir catalyst by rich opera-
tion of the engine; and

¢) restoring normal operation of the engine after comple-

tion of the desulfurizing step.

2. Amethod according to claim 1 including controlling the
exhaust gas temperature-raising procedure so that the tem-
perature of the NOX reservoir catalyst 1s always below the
ageing temperature of the NOx reservorr.

3. A method according to claim 2 wherein the maximum
NOx reservolr temperature 1s below the ageing temperature
by a predetermined margin of safety.
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4. Amethod according to claim 1 wherein the engine 1s an
Otto type engine and wherein the engine 1s operated sto-
ichiometrically after detection of the need for desulfuriza-
tion before an exhaust gas temperature-raising procedure 1s
initiated.

5. A method according to claim 4 wherein the exhaust gas
temperature-raising procedure 1s carried out by retarding the
point of 1gnition to a later time.

6. Amethod according to claim 1 wherein the engine 1s an
Otto type engine and wherein, immediately after the des-
ulfurizing step, operation at A=1 1s carried out and rich
operation of the engine for desulfurization 1s resumed after
the catalyst temperature has a predetermined second margin
of safety from the ageing threshold temperature.

7. A method according to claim 6 wherein the second
margin of safety 1s about 100 degrees Celsius.

8. A method according to claim 1 wherein the engine 1s a
Diesel type engine and wherein, after detection of the need
to desulfurize, an NOX regeneration 1s first performed and a
catalyst temperature-raising procedure 1s 1nitiated.

9. A method according to claim 8 wherein the NOx
regeneration 1s performed by operation at A<1.

10. A method according to claim 8 wherein the catalyst
temperature raising procedure 1s carried out by at least one
of the following steps: resetting the starting point of
injection, changing of EGR rage, reducing charge pressure,
partial throttling, combined rich-lean operation, 1njecting
fuel mto the exhaust system ahead of the catalyst, and
re-mnjection in the case of CR engines.
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11. A method according to claim 8 wherein rich operation
of the engine 1s achieved by at least one of the following
steps: throttling intake air, increasing EGR, re-injecting fuel,
and lowering of charge pressure.

12. A method according to claim 8 wherein normal engine
operation 1s resumed 1mmediately after termination of des-
ulfurization.

13. An arrangement for desulfurization of an NOX reser-
volr catalyst comprising an internal combustion engine, an
exhaust line having an NOX reservoir catalyst, a first tem-
perature sensor located in the exhaust line immediately
ahead of the NOX reservoir catalyst and a second tempera-
ture sensor located immediately after the NOx reservoir
catalyst to measure the temperature of the exhaust to facili-
tate desulfurization of the NOX reservoir catalyst, and means

for controlling the operation of the internal combustion
engine to increase the exhaust gas temperature and to
determine whether the ageing temperature of the NOx
reservolr catalyst has been exceeded or the rate of tempera-
ture increase 1n the neighborhood of the ageing threshold 1s
so high that a temperature increase above the ageing thresh-
old can be anticipated and, 1if so, to control the operation of
the 1nternal combustion engine to reduce the exhaust gas
temperature to a level below the ageing temperature of the
NOx reservoir catalyst.
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